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EXECUTIVE SUMMARY
California ranks first in the U.S. in both the number of farms growing garlic and in harvested acres
with over 25,000 acres harvested in 2005 compared to the U.S. total harvested acreage of 29,400.
More than 200,000 tons of garlic were produced in the state in 2005 with a value of nearly $ 137
million. California produced approximately 87% of all commercially grown garlic in the U.S. in 2005.
Approximately 75% of the California garlic crop is grown for processing/dehydration, while 20% is for
fresh market and 5% is for seed. Although garlic is grown in several regions in California, nearly 97%
of the total garlic grown in the state is in the western San Joaquin Valley counties of Fresno, Kings
and Kern.
Integrated pest management (IPM) information is continuously being developed for weed, insect,
nematode and disease problems of California garlic. The industry, through the California Garlic &
Onion Research Advisory Board, provides more than $100,000 annually in research grants to
address production problems, mostly concerning pest management issues.
California is ideally suited to growing high quality garlic. The major production region is located in the
San Joaquin Valley in western Fresno, Kings and Kern counties. Minor production regions include
the southeast desert counties of Riverside and San Bernardino, northern California counties of
Lassen, Siskiyou and Mono, and central coastal counties of San Benito and Santa Clara. Pest issues
vary according to area of production, but in the major production areas in the San Joaquin Valley, the
key problems in garlic production consist of diseases, weeds, insects and mites and, to a lesser
extent, nematodes. These pests have in large part been controlled, or managed, by a program of
crop rotation, sanitation, use of certified seed, fertility and irrigation management and use of
pesticides. Organic garlic production in California is estimated to be about 1 to 2 % of the total
acreage grown (250 to 500 acres).
The California garlic industry faces significant challenges with the increasing spread of the white rot
organism throughout prime west side farmland, increase in thrips resistance to pyrethroids, more
weed control issues, increasing production costs, and a highly competitive global marketplace. In
addition, the industry is concerned that new regulations set forth by both state and federal agencies
may significantly impact the availability and/or use patterns of important crop protection chemicals
used by growers. While this industry has recognized the need to evaluate, register, and implement
reduced risk production practices, there are relatively few new products being evaluated. As the
costs to conduct required research and register new materials increases, registrants are less willing
to focus on commodities with relatively few acres (as compared to major crops such as corn,
soybeans, etc.), simply because their return on investment is significantly lower. Therefore, many
minor crop commodities such as garlic are more likely to lose pest management tools, with less
likelihood they will be replaced by new products.
In 2006, several key members of the garlic industry met to specifically discuss long-term issues
associated with disease, weed, insect/mite and nematode control. The coalition consisted of garlic
growers, processors, handlers, pest control advisers (PCAs), University of California Cooperative
Extension personnel, and research scientists from university and agricultural chemical industry. The
work group also included representatives from the Western Region Integrated Pest Management
Center at UC Davis who facilitated the session.
The purpose of the industry meeting was to develop a Pest Management Strategic Plan (PMSP) to
address the issues of greatest concern for garlic growers in California. The input gathered at this
meeting provided an important perspective on the pest management products and techniques used in
this commodity. The stakeholders focused on the pests that have the most significant economic
impact on the California garlic industry. This document is the culmination of the work group meeting
and discussions; the primary focus was to identify the critical research, regulatory and educational
needs of California garlic growers to guide the industry in terms of allocating time and other
resources.
This Pest Management Strategic Plan for California Garlic includes a comprehensive summary of the
crop production and pest management practices used by the garlic industry in California. The
foundations for this document are the “Crop Profile for Garlic in California”
(http://www.ipmcenters.org/cropprofiles/docs/CAgarlic.html) and the “UC IPM Guidelines for Garlic”
(http://www.ipm.ucdavis.edu/PMG).
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Stakeholder Recommendations
As a result of the industry meeting held in Five Points, California, in April, 2006 and with subsequent
industry input, the Garlic Work Group identified the following research, regulatory, and educational
priorities. These critical areas must be addressed to maintain the economic viability of the garlic
industry in California.
Research Priorities
Finding effective techniques to manage or control white rot is the most immediate concern to garlic
growers in California. With almost 14,000 acres of prime farmland in the western San Joaquin Valley
infected with white rot, controlling the spread of this disease is of paramount importance. New preemergence herbicides are needed that are broader in spectrum because existing herbicides like
DCPA (Dacthal®), pendimethalin (Prowl®) and oxyfluorfen (Goal®) are the only pre-emergence
herbicides registered for use on garlic and often do not provide satisfactory control of the weed
spectrum, or provide the desired crop safety. Garlic rust has become a serious, consistent pest of
garlic and continued research on new fungicides that control this disease is necessary. Also needed
is more research to identify alternate hosts for the garlic rust organism. By understanding which
plants serve as hosts for the disease, we may be able to control it or reduce its spread by eliminating
the alternate hosts. Thrips (onion thrips and western flower thrips) are the main insect pests of garlic
and they continue to be a problem because they have developed resistance to the pyrethroid
insecticides which have been used for years for control. The availability of new insecticides,
especially replacement products for the pyrethroids, is a critical need for the industry. Likewise, an
aggressive research program to establish economic thresholds for onion thrips and to understand the
relationship of onion thrips to the potential spread of the Iris Yellow Spotted Virus (IYSV) to garlic are
also important research needs. Research in plant breeding should be focused on the development of
new garlic varieties which are resistant to diseases, like white rot or garlic rust. University research
and extension programs will remain critical to identifying and adopting new technologies for pest
management in California garlic production; these important systems should be supported on a
continued basis by the appropriate local, state and federal agencies.
•
•
•
•
•
•
•
•
•

Study white rot biology and evaluate management techniques.
Evaluate new management practices for weed and disease control.
Investigate biology, ecology, and management of yellow nutsedge specific to garlic
production.
Determine alternate hosts of garlic rust.
Develop a resistance management program for garlic rust.
Develop economic thresholds for thrips (onion and western flower).
Evaluate the relationship between onion thrips and spread of IYSV in onions and
potential infection in garlic.
Explore use of biotechnology to develop garlic plants that have defense mechanisms
to ward off disease.
Screen new insecticides, fungicides, and herbicides with different modes of action to
maintain control by resistance management strategies

Regulatory Priorities
The garlic industry depends on the support of U.S. EPA, IR-4 and the California Department of
Pesticide Regulation (CDPR) to register new products for California growers as well as to maintain an
equitable regulatory system that keeps pest control products available to growers of minor crops like
garlic. Registrations on garlic are being sought for the insecticide carzol (Carzol® )for thrips control,
the fungicides tebuconazole (Folicur®) for rust control and boscalid (Endura®)for white rot
management and the herbicide carfentrazone (Shark ®) for bindweed and field morningglory control .
As EPA completes FQPA (Food Quality Protection Act) review and issues Data Call Ins (DCIs) for
current pesticides, a new round of mandated reviews of all pesticides will commence in 2007. It is
imperative that specialty crop producers are kept abreast of new pesticide registrations and potential
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cancellations of existing products so that products essential to pest management are not lost.
Coupled with concerns over losing foundation pesticides from USEPA processes, the industry is also
facing pressure on pesticide use from restrictions imposed through the Endangered Species Act
(ESA), the Clean Water Act, and the Clean Air Act.
Continued work with CDPR and the County Agricultural Commissioners is needed to refine drift
mitigation measures to prevent further injury to garlic crops from off-target movement of herbicides
sprayed on other crops. Continued funding and staffing for the state inspection and certification
programs to prevent the spread of white rot is critical. In addition, continued cooperation between
seed producing states on the white rot certification of seed fields is needed. Importation of garlic from
China has affected sales of California garlic. Regulatory matters dealing with importation of garlic
from China need to be enforced so there is equity in the marketplace. It is especially important that
imported garlic be checked not only for illegal pesticides, but also for heavy metal contaminants that
may be present.
•
•
•
•
•
•
•
•

Ensure equity in regulatory issues with export/import markets (e.g., China).
Regulate heavy metal contamination on dehydrated garlic from China.
Register Folicur® for garlic rust control and in-furrow use for white rot.
Register Endura® for white rot control.
Register Shark® for weed control in garlic.
Continued funding/staffing for the state seed certification programs.
Refine spray drift mitigation regulations to prevent further damage to garlic from drift.
Work with other specialty crop producers to develop a tracking system to monitor
possible cancellations of pesticides critical to crop production.

Educational Priorities
The public, including regulators and consumer groups, needs to be educated about the use of
integrated pest management (IPM) in California garlic production, and how this system optimizes
production and ensures safety for workers and the environment. Along with this training, growers
need to be educated about resistance management for all pesticides. White rot management
techniques must be a key component of grower education and outreach activities.
•
•
•
•
•

Reinforce white rot management through continuing grower education and
outreach activities and by reinstituting the industry White Rot Management Plan.
Provide education on movement of soil and equipment, especially during off years,
and contamination of new fields.
Communicate to the public how the garlic industry practices IPM (Integrated Pest
Management) and employs a number of sustainable agriculture practices to
maintain a high quality product.
Participate with other specialty crop groups to organize field tours for state and
federal regulators and other policy and decision makers to see current pest
management problems.
Conduct resistance management training for all pesticides.

This pest management strategic plan for California garlic production highlights the most important
issues the industry currently faces; this document will be periodically updated. A comprehensive list
of individual growers, pest control advisors, industry representatives, and university research and
extension personnel is located in Appendix 9 of this document for those seeking more detailed input
on garlic production and pest management practices in California.
Product names listed in this document do not represent an endorsement of a particular trade brand
by any member of the garlic work group. For reference, all chemical names and the accompanying
trade names of each product are listed in the appendices of this document.
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Pesticides are an integral part of agricultural pest management. Consequently, their usage, timing
and target pests are discussed throughout this document. However, no portion of this document
constitutes a literal pesticide recommendation. While every effort was made to ensure accuracy and
completeness of the information contained herein, no guarantees can be provided as to its accuracy.
Always READ THE LABEL before applying pesticides.
The California Specialty Crops Council (CSCC) and the California Garlic & Onion Research Advisory
Board (CGORAB) received support for this project from the Western Integrated Pest Management
Center at UC Davis. We gratefully acknowledge the contributions of this organization and all
members of the Garlic Work Group that contributed time towards development of this document.

The California Garlic & Onion Research Advisory Board (CGORAB)
The California Specialty Crops Council (CSCC)
February, 2007
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A PEST MANAGEMENT STRATEGIC PLAN FOR CALIFORNIA GARLIC PRODUCTION
California Garlic Production Overview
Garlic originated in Central Asia several thousand years ago and has been grown for cooking, for
herbal medicine and as part of religious ceremonies. Garlic, Allium sativum Gemmifera, belongs to
the Alliaceae (onion) Family. Other members of Alliaceae include, in addition to onion (Allium cepa,
Cepa group), chives (Allium schoenoprasum), leek (Allium ampeloprasum, Porrum group) and
shallots (Allium cepa, Aggregatum group).
Allium sativum comprises two subspecies, A. sativum ophioscorodon and A. sativum sativum. The
former, commonly referred to as “hardneck garlic,” is not significant in commercial garlic production,
although it is planted by some home gardeners and by growers selling into the organic and other
specialty markets. The latter, A. sativum sativum, is commonly called “softneck garlic”. While both
types begin growth with leaf production, the hardneck types produce flower stalks, called scapes. It is
the softneck subspecies that dominates commercial production. The two most popular softneck
varieties among California growers are California Early and California Late. Early garlic, which has a
growing period about one month shorter than late garlic, is grown primarily for the dehydration
market; late garlic is favored by fresh market growers. Garlic is responsive to temperature and
photoperiod for proper clove and bulb formation.
Elephant garlic is also grown for commercial production. However, elephant garlic is a different
species, Allium ampeloprasum, and is not true garlic. It is actually a type of leek that produces large
cloves and a large scape and umbel that may be cut and sold to florists.
Planting
Garlic is propagated vegetatively through the planting of cloves, referred to also as garlic seed. It is
critically important that garlic seed, most of which is produced out of state, is grown in soil that is free
of nematodes and white rot disease. This is a disease that can be transmitted from the soil to the
seed, and ruin entire garlic crops subsequently planted with that seed. There is no treatment that is
100% effective for fields infected with white rot. Garlic seed is sometimes treated with hot water for
protection from sclerotial white rot or nematodes, or treated with thiophanate methyl (Topsin M®) prior
to planting to guard against Penicillium, another seed-related disease.
Garlic has a shallow rooting depth, averaging 18 to 24 in. It is moderately tolerant of acid soils and
grows best in soils with pH of 5.5 to 6.8. Light soils are best for garlic production; soils which are too
heavy can cause bulb deformation. Soil in the San Joaquin Valley growing region, where most
California garlic is planted, ranges from sandy loam to clay loam.
In preparation for planting, garlic beds are normally treated with a pre-emergent herbicide. Growers
typically plant garlic from mid September through November. Bed size is 40 inches, and the garlic
seed is planted in double rows at a density of about 18 plants per foot. The garlic is first irrigated with
overhead sprinklers until stand establishment, then it is irrigated by furrow or drip.
Field Maintenance
After a field is planted, the primary maintenance concern is weed management. Garlic fields are
normally treated with herbicide immediately after planting, with additional applications made once or
twice as the season progresses. Hand weeding has been eliminated in many fields. Herbicide
applications stop at a minimum of 80 days before harvest.
Insecticides are used very little. Fresh market growers may go an entire season without needing to
treat for insects. However, garlic grown for dehydration tends to remain in the field for a longer period
of time than fresh market garlic, and growers will occasionally treat for insects, primarily thrips, to
protect the crop (as well as to protect neighboring fields from migrating thrips).
While soil-borne diseases can seriously affect the garlic crop, foliar diseases in general have
historically been of minor concern. Fungicides were applied to only a small percentage of California
garlic acreage. However, the widespread emergence in 1998 of garlic rust disease as a serious threat
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to crop production has increased the importance of fungicide applications, particularly tebuconazole
®
(Folicur ) and azoxystrobin (Quadris®).
Irrigation of garlic fields is stopped a few weeks prior to harvest to allow the plants to dry. “Water
cutoff” normally occurs in late May for early garlic, early June for fresh market fields (late garlic) and
mid June for fields growing garlic for dehydration.
Harvesting
Fresh market garlic is allowed to dry in the beds for three to four weeks after water cutoff, then the
beds are mechanically “undercut” (a process that loosens the bulbs in preparation for harvest). The
plants (leaves, bulbs, and roots) are then harvested immediately by hand and windrowed for further
drying before transport from the field to the marketplace.
Garlic grown for dehydration is allowed to dry for approximately one month, then the tops of the
plants are mechanically mowed. The bulbs may then remain in the ground for as long as two
additional months before being harvested. Just prior to harvest, the beds are sprinkled with water to
facilitate harvest, which is done with mechanical diggers. At the processing facility, the garlic bulbs
are placed in a warm air tunnel for additional drying, a process that has the added benefit of killing
any mites that may be present, before being placed in storage.
Crop Rotation
Growers rotate from garlic to other unrelated crops such as leafy vegetables, tomato, sugar beets,
cotton, or melon, and try not to reintroduce garlic into the field for at least four years from the previous
garlic crop.

California Garlic Production Summary
•

California ranks first in the U.S. in both the number of farms growing garlic and in harvested
acres.

•

California produced approximately 87% of all commercially grown garlic in the U.S. in 2005 and
virtually all of the garlic marketed as a consumable commodity.

•

In 2005, a total of 25,425 acres of garlic were grown in California. Approximately 75% of
California garlic is grown for processing/dehydration, 20% for fresh market, and 5% for seed.

•

Approximately 202,000 tons of garlic were produced in California during 2005; the 2005 crop
was valued at nearly $ 137 M.

•

California garlic averaged about 7.94 tons (15.9 cwt) per acre in 2005.

•

There are four primary areas of garlic production in California: the Western San Joaquin Valley,
the South Eastern Desert Region, the Central Coastal Region and North Eastern Region. The
Western San Joaquin Valley produces about 97% of the states garlic.

•

The major pest problems encountered in garlic include foliar and soil borne diseases, weeds,
nematodes and insects/mites.
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Stages of Crop Development (Range of Months of Activity in Each Growth Stage)
Cultural Practices
Bed Preparation
Planting
Irrigation
Fertilizer Applications
First Cultivation
Second Cultivation
Vegetative Development
Water Pull
Harvest
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M

A

M

J

J

A
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O
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Major Pests of Garlic in California
Diseases, weeds, insects, mites and nematodes are the most important pests of garlic in
California. The following are the most common pests found in California garlic.
Diseases

Insects/Mites

White rot, Garlic rust, Purple blotch, Stemphylium leaf blight and Penicillium
decay
Cheeseweed, Chickweed, Field bindweed, Henbit, Lambsquarters, Marestail,
Morningglory, Pigweed, Purslane, Shepardspurse, Annual bluegrass,
Barnyardgrass, Foxtail and Volunteer Cereals
Onion thrips, Western flower thrips, Bulb mites

Nematodes

Stem and Bulb nematode

Weeds
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Garlic Production Areas in California
The main garlic production areas in California are shown below. Statewide crop production
statistics are provided in Appendix 1. Cultural practices and pest management activities and
seasonal pest occurrence calendars for the main growing area, the western San Joaquin Valley, are
provided in Appendices 2 and 3, respectively.

Sha

Production Area
Western San Joaquin Valley
Central Coastal Region
Northeastern Region
Other Counties

Totals

Approximate Acres1
24,619
58
156
592

% of Production
96.8
0.3
0.6
2.3

25,425

100.0

Counties
Fresno, Kings, Kern
Santa Clara
Mono
Riverside, San Bernardino,
Lassen, Siskiyou and San
Benito

1. Source: USDA/NASS, California Field Office – County Agricultural Commissioners’ Data, 2005

10

Historical Perspective on California Garlic: Production Trends and Integrated Pest
Management
Key Pest Developments in California Garlic Production
During the 1970’s, nematodes and Penicillium decay were greater problems than they are today. The
standard practice to control nematodes was soaking the garlic in hot water with formaldehyde. This
was a time consuming practice and the use was eventually stopped. The treatment did control
Botrytis spp. well, however.
In the 1980’s, virus free garlic seed was introduced and its use gained widespread use. White rot
was not identified as a problem largely because the thinking at the time was that it could not get
established in the San Joaquin Valley. Obviously this was not correct. A number of new herbicides
were introduced that were a major aid to weed control in garlic. Garlic production on the west side of
the San Joaquin Valley increased dramatically because growers were forced to reduce production in
coastal counties due to escalating production costs and introduction of white rot which rendered fields
useless for garlic production.
During the 1990’s there was significant importation of fresh garlic from China. In 1992, a dumping
action was initiated and a tariff was imposed on garlic from China. In 1996, garlic rust was first
diagnosed in California garlic and in the spring of 1998 the disease reached epidemic levels.
Although not confirmed, there is speculation that it came from China on imported garlic. Because
garlic rust caused significant decreases in California garlic production, there were increased imports
of garlic to meet the needs of processors. In 1998, there was a large influx of imports of dehydrated
garlic from China. A white rot management plan was developed during this decade to help reduce
the spread of the disease.
Since early 2000, both onion thrips and western flower thrips have become greater problems for
garlic producers. Garlic can become a refuge for thrips that moved in from other crops. When not
treated, thrips can then migrate from garlic into onions. This is problematic because thrips have the
potential to spread plant viruses to other crops. Due to constraints on the irrigation water supply,
there has been a widespread increase in the use of sprinkler irrigation and chemigation (drip
irrigation) in garlic production. Water availability and use on more permanent crops in the San
Joaquin Valley may require more garlic growers to convert to drip irrigation. If this does not occur,
production may have to move further north in the state where there is more water, but with climatic
conditions less favorable for production. Seed production is moving north into Washington due to the
loss of seed producing areas in Nevada and Oregon due to infection with the white rot organism.
Urbanization has also reduced potential seed acreage. Dust control regulations to reduce dust as an
air pollutant in the western San Joaquin Valley growing area is another key issue that has been
impacting garlic production.
Cultural Control
Key developments in cultural pest control in the last few years have involved the control
(management) of nematodes and white rot. The garlic seed certification program to ensure that garlic
seed is grown in nematode-free areas has resulted in far less problems with nematodes in production
fields. Likewise, use of disease free fields and participation in garlic seed certification programs to
have disease free planting seed has helped with the spread of white rot. Soil solarization and
flooding have shown promise in reducing white rot in preliminary research studies.
Chemical Control
New developments in disease control in the last few years include the development of tebuconazole
(Folicur®) for control of white rot and garlic rust and boscalid (Endura®) and Switch® (combination of
fludioxyn + cyprodinil) for white rot control. The natural sclerotial stimulant (DADS®) was introduced
to aid in control of white rot. In terms of insect control, spinosad (Success®) was registered this year
and it shows usefulness in control of pyrethroid resistant thrips.
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Biological Control
There have been no new developments in the biological control of nematodes and insects. There are
no known biological control measures for weeds. Likewise, there are no known biological controls for
foliar diseases of garlic, white rot or Penicillium decay. There is some ongoing research with
biopesticides to aid in the control of white rot and other soil borne pathogens.
Scouting
A key component of integrated pest management in large-scale garlic production is the use of routine
scouting and use of field pest history. This is especially important in detection and then mapping of
white rot infestations.

FOUNDATION FOR A PEST MANAGEMENT STRATEGIC PLAN
The Garlic Work Group identified several distinct phases that are important to horticultural and pest
management events in California garlic production. These include:
•
•
•
•
•
•
•
•
•

Field Selection and Crop Rotation
Seed Selection and Seed Quality
Pre-Plant/Bed Preparation
Planting to Early Vegetative Development
Field Maintenance and Vegetative Development
Water Pull
Harvest
Post-harvest (Produce Handling and In-field Activities)
Food Safety Issues

The following sections track production under California conditions and provide information on typical
field activities and important pest issues during each of these intervals. The use of trade names does
not imply endorsement by the work group or any of the organizations represented. Trade names are
used as an aid in identifying various products.
Field Selection and Crop Rotation
The key to field selection for garlic production is knowing the past history of onion and garlic
production in the field as well as knowing the history of white rot and nematode infestations in the
field. A four year rotation out of onions or garlic is generally common for nematode management. As
part of the industries White Rot Management Plan, growers do not plant garlic back into a field where
white rot has been detected, regardless of the level of infection shown. As discussed in detail below,
the white rot problem in California cannot be understated. Thousands of acres have been rendered
useless to garlic growers, affecting both seed and bulb production efforts in the state. According to
Robert C. Ehn, CEO/Technical Manager of California Garlic & Onion Research Committee, a total of
89 fields in the San Joaquin Valley representing approximately 14,000 acres are infected with white
rot.
Seed certification programs result in detailed inspections of seed producers for white rot and
nematode infestations. This is an integral part of the process to prevent the introduction of white rot
into production fields. However, when white rot first appears in a garlic field it is reported and
mapped. Field records on white rot infestations in California garlic fields have been kept since 1997.
Development and implementation of a white rot management program is vital to the industry to
maintain production.
Work Group Recommendations for Disease, Weed, Insects/Mites and Nematode Management
During Field Selection and Crop Rotation
There were no work group recommendations for this period of garlic production.
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Seed Selection and Seed Quality
Garlic is propagated vegetatively through the planting of cloves, also referred to as garlic seed. It is
critically important that garlic grown for seed, most of which is produced out of state, is grown in soil
that is free of the white rot disease and nematodes. It is believed that the white rot infections in the
San Joaquin Valley were probably brought in from the Gilroy/Santa Clara Valley area on seed that
carried the white rot sclerotia or in seed boxes that had been used for production garlic that had white
rot infected bulbs. Since this disease can be transmitted from the soil to the seed, any observance of
white rot infected plants in a field for seed renders that field unfit for seed use and it can only be used
for processing. For growers who produce garlic for seed, the loss in revenue between garlic for seed
and for processing is significant. Garlic bulbs for seed are harvested the same season that they are
cracked and cloves planted. Bulbs for seed production are not stored for any length of time because
germination viability decreases dramatically from time of harvest to planting.
Pests (insects and weeds) are not a problem at this phase of the production cycle. Bulb mites,
however, can exist in the soil and become a problem in seed garlic. Fields where decaying organic
matter from summer harvested crops is present, such as melon or tomato fields, can serve as a
reservoir to support bulb mites and cause damage to fall planted garlic. Bulb mites can vector some
viruses as well as cause direct damage through feeding on the garlic seed. Growers should plant
only clean seed. If bulb mites do occur in the garlic seed, hot water treatment before planting can
reduce the infestation in the seed.
Eriophyid mites can occasionally be problems in seed production areas. Although rare, if eriophyid
mites are found in garlic seed, it should not be planted.
Stem and bulb nematodes are transmitted to garlic fields through infected plant material, including the
planting seed. A more detailed discussion of stem and bulb nematodes is provided later in this text.
Management Tactics
At this stage of production, growers need to be sure to select certified seed free of white rot,
nematodes and bulb mites.
Chemicals
There are no chemical treatments that are needed at this time of the production season.
Work Group Recommendations for Insects/Mites, Nematode, Diseases and Weed Management
During Seed Selection/Seed Quality
There were no work group recommendations for this period of garlic production.
Pre-Plant/ Bed Preparation
Garlic has a shallow rooting depth, averaging 18 to 24 in. It is moderately tolerant of acid soils and
grows best in soils with pH of 5.5 to 6.8, but is tolerant of pH values up to 7.5 Light soils are best for
garlic production; soils which are too heavy can cause bulb deformation. Soils in the San Joaquin
Valley growing region, where most garlic is planted, range from sandy loam to clay loam. Soils from
other areas are highly variable in texture with most garlic seed growing areas ranging from loamy
sands to silty loams. Most of these soils contain a significant amount of rocks. Soils are commonly
amended with lime for low pH conditions and gypsum, granular sulfur, or sulfuric acid for high pH
conditions.
In preparation for planting, fields are deep tilled, tri-planed, fertilizer is spread and then beds are
listed. Garlic beds are normally treated with a preemergent herbicide like pendimethalin (Prowl®)
either before or after planting. Some growers apply contact herbicides post planting just prior to garlic
emergence.
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Cultural and Worker Activities
•
•

•
•

Land/seed bed preparation
Fertilization/soil amendments

Soil sampling
Herbicide applications for emerged
weeds

Insects/Mites
There are no pest management issues noted for this period.
Weeds
Garlic is a slow growing, shallow rooted crop that is very susceptible to decreases in yield from weed
competition. Garlic is planted in the fall and is not harvested until July and August of the following
year. This lengthy growing season allows for successive flushes of weeds. After water is removed in
May, the garlic plants dry down; this opens up the crop canopy and allows another flush of weeds to
emerge. During this time period, yellow nutsedge, black nightshade and field morningglory can
become very problematic.
In garlic production areas, the broadleaf weeds most commonly found in garlic include: nightshade
species, cheeseweed, chickweed, field bindweed, morningglory, henbit, lambsquarters,
marestail/fleabane, mustard species, nettle species, pigweed, purslane, shepardspurse and
sowthistle, Grassy weeds most commonly found in garlic include: annual bluegrass, barnyardgrass,
foxtail species and volunteer cereals. Yellow nutsedge is commonly found in all garlic regions and
purple
nutsedge
is
problematic
in
areas
south
of
Fresno
County.
In garlic seed growing areas, volunteer alfalfa, cereals and field bindweed are the most common
weeds encountered. All of the other weeds listed above can also occur.
Management Tactics
Field selection to avoid fields with heavy infestations of known hard to control weeds is a key way to
help control weeds in garlic fields. Keeping field borders and roadsides clean of weeds is an effective
means to reduce weed seeds that are blown or otherwise transported into the field. Cultivation is a
key component to weed control in all garlic fields. Mechanical cultivation is the preferred method on
large fields. Hand weeding is expensive, and weeding crews require careful supervision to prevent
damage to the garlic plants during the process. For these reasons, most growers, except organic
growers, try to avoid the need to weed by hand, and strive to develop an herbicide-based weed
control program. Some growers have eliminated hand weeding altogether in commercial garlic fields.
Organic growers utilize hand weeding and flame burning for weed control. The practice of flame
burning weeds is expensive, requires multiple applications and is not used in commercial production.
This procedure also requires a permit from the California Air Resources Board.
Chemicals
At the pre-plant/bed preparation timing, contact herbicides such as paraquat (Gromoxone®) and
glyphosate (Roundup®) are useful for weed control. Metam sodium (Vapam®) is used on a limited
basis for weed control because it is expensive, difficult to use near dwellings and provides variable
performance against soil pathogens. A limited amount of metam sodium is used on fields where
difficult to control weeds have become established. Paraquat and glyphosate are used on land prior
to bedding up and planting the crop to eliminate surface vegetation. In 2004, ca. 5,642 acres were
treated with glyphosate and less than 100 acres were treated with paraquat. As stated previously,
use of metam sodium is expensive, the efficacy is variable and there are regulatory restrictions on its
use.
Work Group Recommendations for Weed Management During Pre-Plant/ Bed Preparation
There were no work group recommendations for this period of garlic production.
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Diseases
The only disease requiring control during this phase of production is white rot as described below.
Metam sodium as a fumigant is not used because of the expense and variable results. The white rot
sclerotia need to be near the soil surface for metam sodium to work best. This would also be the
period when the fall sclerotial stimulant applications to fields where garlic will be produced in
subsequent years would be made. Soil moisture and temperature are critical to good performance
with the stimulants. In the fall, the product must be applied when average soil temperature in a 24
hour period is 70° F and falling. No plants of the Allium family, including volunteer plants can be
present in the field following a biostimulant application for a period of 6 months after the treatment.
Work Group Recommendations for Disease Management During Pre-Plant/ Bed Preparation
RESEARCH

•
•
•
•

REGULATORY

EDUCATION

•
•
•
•
•
•

Evaluate spot treatments of metam sodium and/or methyl bromide for
control of white rot.
Develop/ improve drip system application of metam sodium to improve
performance.
Evaluate deep plowing of white rot sclerotia as part of a control strategy.
Evaluate efficacy of sclerotial stimulants for white rot management and
whether they are practical and economical for commercial development.
Continue development of biological controls for all diseases of garlic.
Maintain availability of methyl bromide to California garlic growers.
Relax the restrictions on metam sodium.
Provide regulatory flexibility in registering white rot resistant plant
varieties developed through genetic engineering.
Develop and implement a multi-faceted management program for all
pests.
Provide training on sclerotial stimulants (if research suggests these
products are determined to be commercially viable products).

Nematodes
See discussion below.

Work Group Recommendations for Nematode Management During Pre-Plant/ Bed Preparation
There were no work group recommendations for this period of garlic production.
Planting to Early Vegetative Development (up to 12 inches)
California produces two major varieties of garlic, California Late and California Early. California Late
is sometimes less productive than California Early, but is considered better quality for the fresh
market. A small amount of Creole garlic is grown in the Imperial and Palo Verde Valleys in Southern
California. Seed is grown in a number of high desert areas in Oregon, Washington, Nevada,
California and Arizona.
Growers typically plant garlic from mid September through December. California Early is planted
typically from mid-October to mid-November; California Late is planted in November through January.
Bed size is 40 inches, and the garlic seed is planted in double rows, approximately 12- 14 inches
apart, at a density of approximately 18 plants per foot. The cloves are placed just below the soil
surface, 1 - 3 inches apart. The garlic is then irrigated with overhead sprinklers until stand
establishment, then furrow or drip irrigated.
After a field is planted, the primary maintenance concern is weed management. Garlic fields are
normally treated with a preemergence herbicide immediately after planting, or at the first irrigation,
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with additional applications of contact herbicides made once or twice as the season progresses. In
many seed growing areas, split applications of a preemergence herbicide are applied.
Cultural and Worker Activities
•
•
•
•
•

Planting
Herbicide applications post plant preemergent
In-furrow fungicide treatments
Scouting
In seed production post emergence
herbicide treatments for fillaree

•
•

Sprinkler irrigation set up and irrigation
Fertilization

•
•
•

Cultivation (mostly mechanical)
Leaf tissue sampling
Insecticide applications (thrips)

Insects/Mites
Insects are not a major pest for garlic growers. It is widely known that garlic exhibits insect repellant
properties and several garlic extracts or juices are marketed, mostly to organic growers and home
gardeners as insecticides.
Onion thrips (Thrips tabaci) and western flower thrips (Frankliniella occidentalis) do occasionally
become problems in garlic. Mature onion thrips are about 0.05 inches (1.3 mm) long and flower
thrips are slightly larger at 0.06 inches (1.5 mm) long. Thrips have two pairs of wings with long hairs.
Adults are pale yellow to light brown in color with immature stages displaying the same body shape
as adults, but having lighter color and are wingless. These pests feed on the leaves of garlic plants.
Damage occurs from the rasping and sucking feeding behavior of the nymphs and adults. Thrips
rasp the plant surface and then suck plant fluids. If this damage is heavy, the bulbs may become
distorted or undersized, or, in extreme cases, the plant will die.
Thrips can be monitored by observing populations on foliage or by whole plant sampling. Whole plant
sampling has the advantage of observing thrips on the clove as well as the foliage. Thirty thrips per
plant at mid-season is a suggested threshold (lower for very young plants and higher for larger
mature plants). Thrips tend to be more of a problem on onions than garlic.
Bulb mites (Rhizoglyphus spp., Tyrophagus spp.) are sporadically found in garlic plantings. These
shiny, creamy white, bulbous mites have four pairs of short brown legs and look like tiny pearls with
legs. They occur in clusters and damage the area under the root plate. Bulb mites can survive on
decaying vegetation in the field until it is completely decomposed. No insecticide treatments are
registered for bulb mite control. Metam sodium, applied prior to planting, will provide fair to good
control of mites living in the field on organic matter. Hot water treatment of garlic cloves before
planting can reduce mite infestation when infestation is in cloves.
Lepidopterous larvae (e.g., beet armyworm) are minor pests in garlic fields.
Management Tactics
For thrips control, biological control using predatory insects and mites as control agents is not
effective in controlling thrips. Growers should avoid planting garlic fields next to grain fields because
that will cut down on migration from the cereal crops when they dry down. For bulb mites, good
sanitation practices can help in reducing infestations. Since they feed on decaying vegetation in the
field, plowing or otherwise reducing the amount of decaying vegetation on the surface through tillage
will help cut down on bulb mite infestations. Hot water treatment of garlic cloves before planting can
reduce mite infestations when the infestation is in cloves. There are no management tactics for
avoiding infestations by lepidopertous larvae.
Chemical
Use of insecticides on garlic is rare and only used under severe infestations. Pyrethroids are the
predominant pesticide used for control of thrips in garlic in California. While resistance to pyrethroids
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has not been documented in California, data from other states suggest that control has dropped due
to resistance to pyrethroids. Cypermethrin (Ammo®), zeta cypermethrin (Mustang®) and lambdacyhalothrin (Warrior®) are the pyrethroids most often used. During 2004, over 13,000 acres of
California garlic were treated with these three pyrethroid insecticides. Cypermethrin and lambda
cyhalothrin are more effective against onion thrips than western flower thrips. Zeta cypermethirn, on
the other hand, provides better control of western flower thrips. The carbamate insecticide methomyl
(Lannate®) is sometimes used in tank-mix combinations with pyrethroids for thrips control, however
only a few acres (1,059) of garlic were treated with methomyl in 2004. Organophosphate insecticides
(malathion) were widely used in California for thrips control until the late 1970’s, however less has
been used since then. Approximately 4,000 acres were treated in 2004 with malathion.
There are no insecticide treatments registered for bulb mite control in garlic. Metam sodium applied
prior to planting will provide fair to good control of mites living in the field on organic matter. Control
of lepidopterous larvae is achieved with methomyl, permethrin (Pounce® or Ammo®) or with Bacillus
thuriengensis. During 2004, there was no Bt applied on California garlic, there was only 154 acres
treated with permethrin and it is difficult to break out the use of methomyl because it can be used for
both worms and thrips.
New insecticides that show promise in research work on garlic include spinosad (Success®) and
carzol (Carzol® )for thrips control.
Work Group Recommendations for Insect/Mite Management During the Planting to Early
Vegetative Development
RESEARCH

REGULATORY
EDUCATION

•
•
•
•
•

Develop economic thresholds for thrips on garlic.
Evaluate the relationship between thrips and disease incidence/severity.
Evaluate efficacy of existing chemicals (e.g., Carzol® on thrips in garlic).
No recommendations.
Provide training on Iris Yellow Spotted Virus (IYSV) information as
developed through applied research.

Weeds
Weed control at this timing of garlic production is very important. Weeds present at this timing
include those mentioned above (cheeseweed, chickweed, henbit, lambsquarters, marestail/fleabane,
nettle, mustard species, pigweed, purslane, shepardspurse, annual bluegrass and foxtail). In
addition to those weeds, other weeds are important at this timing and include barnyardgrass,
nightshade, nutsedge and rabbitsfoot.
Management Tactics
As stated previously, cultivation is the key component to weed control in garlic fields at this time.
Handweeding can be important, but it is expensive and workers have to be carefully watched to
ensure that they do not injure the garlic. Flaming can also be used, however it is labor intensive and
costly.
Chemicals
Pre Plant: Paraquat, glyphosate and metam sodium are used preplant. A limited amount of metam
sodium is used on fields where difficult to control weeds have become established. Paraquat and
glyphosate are used on land prior to bedding up and planting the crop to eliminate surface vegetation.
During 2004 there were 5,642 acres treated with glyphosate and only 98 acres treated with paraquat.
Preemergence: Dimethol-tetrachloroterephthalate, or DCPA (Dacthal®) and pendimethalin (Prowl®)
are registered for use preemergence to the garlic. In 2004, only 161 acres were treated with DCPA
whereas pendimethalin was the predominant herbicide used with 11,333 acres treated. Besulide
(Prefar®) is registered for use on garlic during this time period, but it is not effective on most weeds.
There was no recorded use of besulide during 2004. Organic growers can use acetic and fatty acids
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during this phase of growth. They are very expensive and effective on small weeds only. On the
seed crop, pendimethalin is used during this stage of production.
Post emergence crop, : After the garlic crop emerges, a number of herbicides can be used for weed
control. They include bromoxymil (Buctril®), oxyfluorfen (Goal® and Galigan®), sethoxydim (Poast®),
fluazifop-P-butyl (Fusilade®), and clethodim (Prism®). Bromoxymil controls a wide spectrum of
broadleaf weeds and can be used on garlic from emergence up to 12 inches in height (14,583 acres
treated in 2004). Oxyfluorfen controls both broadleaf weeds and grasses (22,954 acres treated in
2004). Sethoxydim (305 acres treated in 2004) and fluazifop-P-butyl (1,627 acres treated in 2004)
are used to control emerging grasses as well as some perennial grasses. Fluazifop-P-butyl also is
used to control filaree in seed garlic. Clethodim (814 acres treated in 2004) is also used on grasses.
Clofentrazone (Shark®) and flumioxazin (Chateau®) have shown good to excellent control of a broad
spectrum of weeds in garlic.
Work Group Recommendations for Weed Management During Planting to Early Vegetative
Development
RESEARCH

•
•
•
•

REGULATORY

•

EDUCATION

•
•
•

Determine if Chateau® can replace Dacthal® or Prowl® in terms of weed
control and crop safety preemergence to weeds and crop.
Continue to screen new herbicides for garlic weed control.
Develop alternatives to Prowl® for use in sandy soils.
Evaluate management tools for hard to control weeds like
marestail/fleabane and lambsquarters.
Continue to work with regulators to refine drift mitigation measures for
herbicides applied to other crops and drift on to garlic.
Provide training on drift mitigation.
Provide training on proper marestail/fleabane and lambsquarters
identification and control.
Educate growers to teach weeding crews about the importance of weed
management and their help in preventing buildup of seed bank in the soil.

Diseases
White Rot
White rot is a fungal diseases caused by the organism, Sclerotium cepivorum. Once established in a
field, it permanently renders the field unusable for garlic production. There are currently no chemical
controls available to garlic growers that provide satisfactory control of white rot. The only cultural
control to prevent white rot is to move to a field free of the causing organism. Development of
sclerotia germinating stimulants is underway and may lead to their introduction into commercial garlic
production (see Chemical Control section below).
Pathogenic activity of white rot increases as the root systems develop. Mycelial growth spreads
upwards from the roots to the stem plate, the bulb, and then onto the leaves above ground. Soil
conditions and the pathogen population in the field will determine the extent of damage inflicted on
the garlic crop. In cool moist soil where disease inoculum is high in the field, the sclerotia (survival
structures) will germinate in the presence of garlic root and bulb exudates. The fungus then attacks
the roots, developing bulb and lower plant stem. Depending on soil conditions and inoculum levels,
plants may be partially or completely destroyed. In the process, new sclerotia are formed that can
persist in a dormant state in the soil for many years, waiting for a susceptible host. Under conditions
that are less favorable to rapid sclerotial germination, the plant may survive to harvest, although the
bulb may then rot in storage as disease symptoms continue to progress. Normally, disease
symptoms appear from mid-season to harvest.
The white rot problem cannot be understated. Thousands of acres have been rendered useless to
garlic growers, affecting both seed and bulb production efforts in California. Without the development
of measures to control white rot, the future of garlic production in California cannot be considered
promising.
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White rot control efforts by the garlic industry have often been overlooked or poorly coordinated.
Historically, garlic growers have simply moved from contaminated fields into pathogen-free fields. The
situation now is such that the supply of clean fields is rapidly diminishing in California (and other
areas of the western U.S.). The CA Garlic & Onion Research Committee reports a total of 89 fields in
the western San Joaquin Valley representing approximately 14,000 acres are infected with white rot.
Commercial garlic is dependent on seed production efforts (5 acres of commercial garlic requires 1
acre of seed production). Fungal infestation often begins at the seed stage, being transported into
fields by contaminated equipment or the seed itself. Coordinated garlic seed certification programs
have been in place for a number of years in an attempt to halt the further spread of the disease.
However, the continuous spread of this disease throughout the seed producing areas is forcing state
agriculture departments to reevaluate the utility of certification programs.
Garlic rust
Garlic rust is caused by the organism Puccinia porri. Although it is not a new disease to California
garlic, it became a serious problem in 1998. That is the first year in recent history that the disease
caused serious damage to California garlic. In many fields, yield reduction of over 50% was
observed. The disease was unexpected and growers could not respond in time to prevent heavy
losses. Effective, registered fungicides were also not available at that time. Garlic rust infects the
leaves of the garlic plant. Symptoms begin as white to yellow spots on the leaves, which then expand
to product orange-colored pustules. This rust can cover entire leaves, causing them to die. The
fungus does not attack the garlic bulb directly, but damage to the leaves has the indirect effect of
reducing the size and quality of the bulbs at harvest, thereby reducing their marketability.
Other Fungal Diseases
Purple blotch, Alternaria porri, and Stemphylium leaf blight, Stemphylium vesicarium, occur primarily
on onions, but can be occasional problems in garlic. Stemphylium leaf blight is more common than
purple blotch in California. Both diseases are most likely to infect garlic fields during periods of warm
weather with high relative humidity. Symptoms begin as small lesions on the leaves or stem. As the
disease progresses, these spots enlarge and become tan to purple in color. Advanced stages of
either disease will kill the leaf, and can cause plant dieback.
Penicillium decay (blue mold) is caused by the organism Penicillium hirsutum. The fungal disease
infests the seed cloves, resulting in poor stands after planting. This organism does not persist for
long periods of time in the soil; its primary mode of transmission is through infection of the cloves
before planting. These infected cloves will decay, and the fungus will often sporulate, resulting in the
formation of a blue mold on the clove surface. If the interval between cracking (separation of cloves)
and planting is too long, blue mold incidence increases. Seed should be planted when soil
temperatures are warmer (Late September to early November in the San Joaquin Valley). Planting
later when temperatures are cooler increases the risk of blue mold developing.
Other disease organisms like Botrytis spp., Fusarium spp., and Schlerotium rolfsii can also be passed
with infected seed. A good crop rotation program and the application of good cultural practices are
important tools in preventing a build up of these diseases in a seed field and transmission with the
seed to new fields. These diseases can also be controlled by timely fungicide applications.
Basal rot caused by the organism Fusarium culmorum can occur during this phase of garlic
production. This disease is transmitted to fields through the planting of infected seeds, as well as
through the transport of soil from infected fields to clean fields on cultivation equipment. The
presence of F. culmorum does not necessarily generate symptomatic basal rot, seen in the field as
decayed stem plate and storage leaves.
Another common fungus in most agricultural soils is Pythium spp. which causes damping off. It can
infect newly planted garlic seed and seedlings, causing stand loss or stunted growth of the plant.
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Management Tactics
As described above, use of quality certified seed of a high quality will decrease the probability that
problems will come from white rot. Limited cultivation and cleaning equipment before it is moved from
a garlic field to another will reduce the risk of spreading white rot, nematodes or other organisms.
For white rot, as part of the certification program, seed fields are walked prior to harvest to identify
any white rot infestations. White rot infested seed cannot be certified and garlic growers should only
use certified seed. Seed should be air dried immediately after cracking and planted within a few days
after cracking to help cut down on disease development like blue mold. Crop rotation and field
sanitation are also very important in preventing spread on nematodes, diseases and cutting down on
bulb mite infestations.
The primary cultural control of basal rot is curing bubs properly before storage and storing the garlic
at cool temperatures.
Chemicals
There are no currently available materials that will provide economic control of white rot in
contaminated fields. However, use of iprodione (Rovral®) as a seed treatment provides some
suppression of white rot. In-field use of Rovral provides poor control because there is no residual
control and this makes treatments ineffective. Tebuconazole (Folicur®) has shown good control as a
seed treatment and as an in-furrow treatment at planting. Fludioxynil plus cyprodinil (Switch®) and
boscalid (Endura®) have shown promise for control/suppression of white rot. There is a specific
sclerotia-germinating stimulant (DADS®) that is available for commercial garlic production. This
stimulant is designed to be applied, under proper climatic conditions, at a time when no garlic (or
other alliums) is in the ground. The stimulant causes early germination of 98-99% of the sclerotial
populations and, without the garlic root or bulb to infect, the germinated sclerotia die. While total
eradication cannot be achieved, use in conjunction with a commercial fungicide may provide control
adequate to produce a crop in a previously infected field. As stated previously, there has been limited
use of iprodione (Rovral®) for white rot control (872 acres treated in 2004). It has short residual and
is a chemical under review by EPA.
In production fields, if white rot is detected in a spot in the field, a spot fumigation treatment with
metam sodium is useful for control. The area should be tarped and the tarp left in the field to solarize
the rest of the season. In a seed field, a spot fumigation with methyl bromide is possible.
Garlic rust has been controlled under a Section 18 Emergency Exemption for several years with
tebuconazole (Folicur®) (5,764 acres treated in 2004). Azoxystrobin (Quadris®) is a newer fungicide
that is available for garlic rust control (12,782 acres treated in 2004). Paramethonil (Scala®) is
available for control of Botrytis spp., however none was recorded as being used in 2004. Two newer
fungicides that are registered for use on garlic and show promise are pyraclostrobin (Cabrio®) for rust
(1,355 acres treated in 2004) and boscalid (Endura®) and boscalid + pyraclostrobin (Pristine®) for
purple blotch and stemphylium control. There were no recorded uses of pyraclostrobin and boscalid
during 2004.
Some growers apply a soil treatment of metalaxyl (Ridomil®) or its replacement, mefenoxam (Ridomil
Gold®), prior to or during planting to protect their plants from Pythium spp. However, in 2004, no
metalaxyl was recorded as used on garlic.
Control of other diseases, especially Botrytis spp., with a seed treatment are possible with
thiophanate-methyl (Topsin M®). This treatment is not used frequently because there are worker
safety concerns (exposure during planting) with this product.
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Work Group Recommendations for Disease Management During Planting to Early Vegetative
Development
RESEARCH

•
•
•

REGULATORY

•
•
•
•

EDUCATION

•
•
•

Continue to study white rot biology and management.
Study worker safety issues associated with garlic seed treatments and
develop mitigation plans should seed treatments be disallowed by
regulators.
Develop better detection methods for seed infestations of white rot, such
as PCR method.
Continue to fund programs for developing white rot resistance.
Continue funding and staffing of the seed certification program.
Continue IR-4 work with tebuconazole and try to overcome regulatory
concerns regarding the use of this fungicide as a seed treatment.
Work with local county and state agricultural departments to address
monitoring programs for white rot and other issues to help prevent the
demise of the garlic industry.
Develop industry-wide multi-level awareness campaign for white rot
management.
Educate all growers on white rot mitigation measures to avoid total loss of
garlic production in the San Joaquin Valley.
Engage the garlic processors in the program to help educate growers and
PCAs on white rot issues.

Nematodes
Stem and bulb nematode (Ditylenchus dipsaci) is a migratory nematode that is transmitted to
garlic fields primarily through infected plant material. The nematode can live in stored plant tissue for
several years, but they decline rapidly in soil. Garlic, onion, leek and chive serve as a host for stem
and bulb nematode. It initially attacks the germinating clove after planting, and if there is abundant
moisture on the plant, the nematode will move upwards and invade young foliage. It will also migrate
from plant to plant if there is high moisture content in the soil.
Damage to the garlic crop resulting from nematode feeding, as well as from secondary diseases and
insect infestations induced by such feeding, is manifested by a poor plant stand at mid-season. By
harvest, the cloves are shrunken and decayed. Although stem and bulb nematode has the potential
to devastate a garlic crop, a growers’ primary control strategy is to plant clean seed into clean ground.
As a result, the overall usage of nematicides in garlic is minimal.
Management Tactics
Garlic growers in California can take preventative steps to guard against nematode infestations.
These steps include: 1) a certification program to ensure that garlic seed is grown in nematode-free
environments, 2) plant garlic into virgin ground that has not had an Allium spp. crop, 3) use crop
rotation program of four years (longer if a seed field) to keep their fields free of this pest, 4) treatment
of garlic seed with hot water immediately prior to planting when stem and bulb nematode infestation
in cloves is suspected and 5) good sanitation practices with equipment to prevent spread of
nematodes from field to field.
Chemicals
There are no chemical products available that can provide good control of stem and bulb nematode.
Application of fumigant products such as chloropicrin and Telone® are not practical in garlic
production because they are labor intensive and very expensive. During 2004, there was no
chloropicrin or Telone reported as used on garlic. A biological nematicide from Ditera based on the
organism, Mycothecium verrucaria is a potential new nematicide that requires further study.
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Work Group Recommendations for Nematode Management During Planting to Early
Vegetative Development
RESEARCH

REGULATORY
EDUCATION

•
•
•
•
•

Develop an economical testing method for nematodes.
Evaluate the efficacy of biological nematicides such as Mycothecium
verrucaria from Ditera.
Determine the host range of stem and bulb nematode.
Continue funding and staffing for the seed certification programs.
Provide education to garlic growers regarding the potential for nematode
infestations and damage.

Field Maintenance and Vegetative Growth
In the western San Joaquin Valley, garlic starts its growth in the fall or very early spring and bulbs
mature by midsummer. If garlic is going to yield well, it must make sufficient top growth before the
bulb begins to enlarge. Bulb formation occurs in response to higher temperatures and day length as
hours of sunlight increase later in the season. Visible bulbing occurs April through June. Hand
weeding has been eliminated in many fields. Herbicide applications stop at a minimum of 80 days
before harvest. Insecticides are used very little. Fresh market growers may go an entire season
without needing to treat for insects. However, garlic grown for dehydration tends to remain in the field
for a longer period of time than fresh market garlic, and growers will occasionally treat for insects,
primarily thrips, to protect the crop (as well as to protect neighboring fields from insect migration).
While soil-borne diseases can seriously affect the garlic crop, foliar diseases in general have
historically been of minor concern. However, the widespread emergence in 1998 of garlic rust
disease as a serious threat to crop production has increased the importance of fungicide applications.
Garlic rust is not usually a concern in seed growing regions of the west. However, most seed fields
are irrigated with sprinklers throughout the season. This creates a micro-climate that encourages the
development of Botrytis spp. and Fusarium spp. that can be controlled with registered fungicides.
Cultural and Worker Activities
•
•
•
•
•

•
•
•
•

Scouting
Fertilization
Cultivating
Hand weeding
Flaming

Irrigation
Insecticide applications
Fungicide applications
Herbicide applications

Insects/Mites
Onion thrips and western flower thrips can be problematic during this period of garlic growth
development. See the discussion above regarding thrips and other insects. The work group
recommendations for insect/mite management during field maintenance and vegetative growth are
the same as those described above under Planting to Early Vegetative Development.
Work Group Recommendations for Insect/Mite Management During the Field Maintenance and
Vegetative Growth Stage
RESEARCH

REGULATORY
EDUCATION

•
•
•
•
•

Develop economic thresholds for thrips on garlic.
Evaluate the relationship between thrips and disease incidence/severity.
Evaluate efficacy of existing chemicals (e.g., Carzol® on thrips in garlic).
No recommendations.
Provide training on Iris Yellow Spotted Virus (IYSV) information as
developed through applied research.
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Weeds
Problem weeds during the field maintenance and vegetative growth stages of garlic production
include: lambsquarters, marestail/fleabane, pigweed, purslane, barnyardgrass, foxtail, rabbitsfoot,
nightshade, bindweed and nutsedge.
Management Tactics
As describe above, cultivation, handweeding and flaming are all management tactics that can be
utilized for some weed control during this timing. Using water management in terms of moving from
sprinkler irrigation to drip irrigation is a good tactic to reduce weed infestations.
Chemicals
Several herbicides are available for use during this phase of garlic development including clethodim
(Prism®), fluazifop-P-butyl (Fusilade®) and sethoxydim (Poast®). These products, however, only
control emerged grass species. Goal® can be used for nightshade control as long as it is applied no
closer than 60 days PHI. Prowl® can be applied layby for weed control in seed garlic. Research has
shown that Chateau® has broad spectrum activity and it may be a good herbicide to replace Goal®.
Work Group Recommendations for Weed Management During Field Maintenance and
Vegetative Growth
RESEARCH

REGULATORY
EDUCATION

•
•
•
•
•
•
•
•

Determine if Chateau® can be used as a preemergence herbicide in
terms of weed control and crop safety.
Continue to screen new herbicides.
Develop alternatives to Prowl® for use in sandy soils.
Evaluate management tools for marestail/fleabane/lambsquarters.
Continue to work with regulators to refine drift mitigation measures.
Provide training on drift mitigation.
Provide training on proper marestail/fleabane/lambsquarters identification
and control.
Educate growers to send weeding crews on the importance of weed
management and preventing buildup of seed bank in soil.

Diseases
Prevalent diseases at this stage of garlic production include white rot, purple blotch, garlic rust, basal
rot and Botrytis. All these diseases are discussed in detail above.
Management Tactics
Field inspection is important to identify any plants or areas where disease infestations are starting.
Removal of infected plants, if they are in small numbers, is one way of cutting down on disease
spread. Equipment sanitation is important to help keep from spreading disease from one field to
another. Irrigation management is especially important to the control or prevention of diseases
caused by Botrytis spp. and Fusarium spp.
Chemicals
A number of fungicides are registered for use in garlic for disease control during this phase of
production. Chlorothalonil (Bravo Weather Stik®), mancozeb (MZ®), maneb, fenamidone (Reason®)
and pyrmethonil (Scala®) can be used for purple blotch control. Garlic rust can be controlled by
azoxystorbin and tebuconazole. Pyraclostrobin (Cabrio®) is available for rust control while boscalid
(Endura®) and boscalid + pyraclostrobin (Pristine®) are available for purple blotch and stemphylium
control. A discussion of fungicide use was presented in a previous section in more detail.
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Work Group Recommendations For Disease Management During Field Maintenance and
Vegetative Growth
RESEARCH

REGULATORY

EDUCATION

•
•
•
•
•
•
•
•

Continue work on predictive models for white rot spread and control.
Determine varietal susceptibilities to diseases and planting timing.
Determine effects of water management on diseases.
Evaluate chemigation uses of various fungicides.
Register Folicur® for foliar use.
Determine status of IR-4 project with Folicur® as seed or in-furrow
treatment.
Educate PCAs on proper timing for rust control (when Folicur® is
registered).
Provide resistance management training to growers and PCAs.

Water Pull/Pre-harvest
Irrigation of garlic fields is stopped a few weeks prior to harvest to allow the plants to dry. “Water
cutoff” normally occurs in late May for early garlic, early June for fresh market fields (late garlic) and
mid June for fields growing garlic for dehydration.
Cultural and Worker Activities
•
•
•
•

Preharvest weed management
(burndown)
Deep cultivate within furrows
Flaming outside of CA
Pre-harvest irrigation to assist in
management of Aspergillis

•

Remove irrigation pipe

•
•

Weed scouting
Topping/Pre-harvest activities

Weeds
Weeds important at this time of garlic production include field bindweed, nightshade, lambsquarters,
marestail/fleabane, pigweed, prickly lettuce, sowthistle and nutsedge.
Management Tactics
Deep cultivation helps remove weeds from the furrows. Topping of the garlic will also help control
weeds. This is not used in garlic grown for the fresh market. Handweeding is still practiced by
organic producers.
Chemicals
At this stage of development the only herbicide used is glyphosate for burndown weed control. It can
only be used on garlic grown for processing and only under Special Local Needs registration.
Work Group Recommendations for Weed Management During Water Pull to Harvest

REGULATORY

•
•
•

EDUCATION

•

RESEARCH

Evaluate Ignite® or Chateau® as burndown herbicides.
Evaluate tank mixes of Chateau® and Roundup®.
Register Shark® or Chateau® as a burndown herbicide following
Roundup®.
No recommendations.

24

Diseases
Aspergillis causes black spotting on garlic and this can be a problem in fresh market garlic.
Infestation is largely based on soil moisture. It can be managed by pre-harvest irrigation,
undercutting and pre-harvest crop management.
Harvest
The harvest of garlic is accomplished by different methods that are dictated by its intended use in the
market place. Garlic harvested for supermarket or roadside sales requires a more labor-intensive
harvest than garlic harvested for processing or seed. A brief description of each method is described
below.
Fresh Market Harvest Operations: Garlic sold in the fresh market is required to have high visual
appeal to the consumer. Fields that are intended for the fresh market are typically planted to a
thinner stand to allow the garlic a chance to size more uniformly by not growing into adjacent garlic.
Garlic skins (leaves surrounding the clove) are counted and irrigation is terminated at 6-7 skins. After
2 or 3 weeks of drying the garlic is lifted and pulled from the bed and placed in windrows in such a
manner that the tops (leaves) shade the bulbs from the sun. The garlic is cured in this manner for a
period of 2-3 weeks and then the roots and tops are hand-clipped by a harvest crew that may number
in the hundreds. The garlic is dumped into bins and left in the field, covered by tops until it is loaded
onto trucks for shipment to a packing shed. There it is sized and graded, placed into boxes and
either shipped to the market or placed into cold or controlled atmosphere storage for later shipment.
Processing Garlic Harvest Operations: Garlic harvested for processing is much less labor
intensive. The need for high visual appeal is much less than that required for fresh market uses.
Fields are planted to thicker stands to increase overall yields. This crowding sometimes produces
oblong bulbs that would be less desirable for the fresh market. Garlic skins are counted and irrigation
is terminated at 4-5 skins. As the tops begin to dry the grower is expected to deep cultivate the
furrows to help increase the garlic curing rate. In 3 or 4 weeks, when the tops are completely dry, the
pre-harvest operation begins. The first step in pre-harvest is to high-top the garlic. This operation is
followed by, one or more, low topping passes to completely remove and shred the tops. The last step
of the pre-harvest could include running coulters on a tool bar to cut any tops that might not have
been removed by topping.
At this point, the field is ready for the pre-harvest irrigation. This is used to soften the soil to allow for
easier and less damage to garlic bulbs by harvest operations. Typically, the pre-harvest irrigation is
finished 2 days before digging. The garlic is then dug mechanically and windrowed by placing 4 beds
into each windrow. After curing for 3-5 hours the garlic can be loaded and placed in bins or bulk
trailers for hauling to the processing plants.
Seed Garlic Harvest Operations: Seed garlic is pre-harvested and harvested in a manner similar to
that employed for processing garlic. Growers dig the garlic after topping and then either utilizes a
hand crew to pick up the garlic and dump it into bins or a machine to load the crop into bins
mechanically. In some cases harvested garlic is placed into burlap bags to allow more curing before
being dumped into bins. The binned garlic is hauled to a processing facility and where it is processed
(cracked) into individual cloves that are used for seed. Harvested seed garlic is best stored in a cool
dry environment until processed.
Cultural and Worker Activities
•
•
•

Assess fields for harvest timing
Clipping tops by hand for fresh only and
plane in bins
Topping (cut tops off garlic)
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•
•

Harvesting
Dig and load for transport

•

Growers will disk or till ground to get
ready for next crop.

Diseases
If white rot was present in the field, it is very important to evaluate the extent of the infestation and to
create a harvest plan for that part of the field in order to avoid, or at least reduce, the potential for
contaminating harvesting equipment with white rot disease. It is also critical to prevent that garlic
from being used as seed by any growers.
Management Tactics
Segregation of the infected area and sanitation of equipment are the only tactics available. Dumping
or burning the garlic are also possible ways to destroy the infected bulbs.
Chemicals
There are no pesticide applications made during the harvest period.
Work Group Recommendations for Disease Management During Harvest
RESEARCH
REGULATORY

•
•

EDUCATION

•

No recommendations at this time
Work with the Air Resources Board (ARB) and other agencies to mitigate
dust issues (PM-10).
Provide training as needed/required for dust management

Post-Harvest Issues
Garlic may be marketed immediately after harvest, but varieties for fresh market such as California
Late may be stored in warehouses for several months. Garlic for processing is almost never stored
for any length of time. Rather, it is “stored” in the field and harvested on a schedule so that plants
can continually process product being delivered to the processing plant. If garlic is stored, it must be
kept dry with relative humidity of less that 60%. Higher humidity, at any temperature, will cause bulbs
to mold and start developing roots.
Cultural and Worker Activities
•
•

Inspection and grading
Storage in bulk or in bins, bags or boxes

•
•

Put on air to cure
Curing in the field for fresh market

Garlic Storage
Garlic handling and storage methods after crop maturity and harvest differ depending upon whether
garlic is destined for the fresh market (whole bulbs and/or peeled cloves) or for dehydration.
Garlic bulbs destined for fresh market use and/or peeling are allowed to dry down and cure in the field
after the last irrigation. After the crop has cured and dried adequately bulbs are harvested into large
bins. These bulk bins may remain in the field for additional curing time after which they are
transported to the packing/peeling facility. At the facility bins will be placed into differing storage
conditions. Garlic destined for “immediate” or near term use is stored under ambient conditions.
Garlic planned for use later in the season is stored either under simple refrigeration or under
controlled atmosphere conditions with the latter storage conditions reserved for the longest stored
material. All bulbs destined for storage should be clean and dry. For refrigerated storage, temperature
is typically maintained at approximately 29 degrees F with relative humidity of 60% to 70%. Controlled
atmosphere storage uses the same temperature and humidity profile combined with a reduction in
oxygen and/or an increase in carbon dioxide. Too high of moisture in storage can result in disease
development in the bulbs or the bulbs can start to sprout.
Garlic for dehydration is also allowed to dry down in the field after the last irrigation. Generally, after
four to five weeks, tops are completely dry and the bulbs are ready for harvest. At this point, the crop
26

could be harvested immediately. However, while the total crop slated for dehydration tends to mature
over a short time period, the dehydration facilities are limited as to how many loads of garlic they can
process each day. Mature garlic destined for dehydration is thus typically kept in the ground until
there is capacity at the dehydration plant to receive and process it. This period of ground storage can
last for up to 90 to 100 days. Once a field is scheduled for harvest bulbs are topped and dug from the
ground, picked up by large harvesters, placed into bulk trailers and transported to the processing
facility. Here garlic is unloaded and transferred to storage bays where warm air is forced through the
pile of garlic bulbs to remove moisture and further dry the bulbs in preparation for “cracking” (breaking
the bulbs into individual cloves). Garlic is typically held on these drying tunnels for ten days before
cracking and processing.
Garlic for seed can be stored longer at higher elevations where there is lower humidity and fewer
insect problems. Some seed is fumigated with methyl bromide, especially if it is being sent to a
foreign market. Insects can attack stored garlic so it is important to monitor insect infestations using
sticky traps and pheromone traps. Seed garlic is inspected and graded as part of the certification
program.
Work Group Recommendations Insect Management Post-Harvest Issues
RESEARCH
REGULATORY
EDUCATION

•
•
•
•

No recommendations at this time.
Clarify export requirements regarding white rot and bulb stem nematodes
International harmonization on tolerances.
Provide information on export regulations related to on white rot and bulb
and stem nematodes.

Food Safety Issues
To prevent contamination of bulbs, most garlic growers and processors maintain historical records for
fields planted to garlic. All growers are required to maintain records of fertilizer use as well as
pesticide and adjuvant use on each field. Several companies use outside agencies to track product
from field to processing facility and employ a pesticide clearance system that clears all loads before
they enter the processing chain. Buyers are increasing their demand for complete field histories from
garlic growers.
Ecoterrorism is always a concern when processing plants are used. Because the processed garlic
industry is controlled by two major companies, and access to processing facilities is highly controlled,
the likelihood of terrorist activities is low. However, all processors must maintain a high level of
diligence to prevent any intentional contamination of finished product.
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CRITICAL ISSUES FOR THE CALIFORNIA GARLIC INDUSTRY
The following issues were identified by the Garlic Work Group as being the most critical to the
sustained viability of the California garlic industry.

RESEARCH

•
•
•
•
•
•
•

REGULATORY

•
•
•
•
•
•
•
•
•
•
•

EDUCATION
•
•
•
•

Study white rot biology and evaluate management techniques.
Determine alternate hosts of garlic rust.
Develop economic thresholds for thrips.
Evaluate the relationship between onion thrips and spread of IYSV in onion
and potential infection in garlic.
Develop a resistance management program for garlic rust.
Explore use of biotechnology to develop garlic plants that have defense
mechanisms to ward off disease.
Screen new insecticides, fungicides, and herbicides with different modes of
action to maintain control by resistance management strategies
Ensure equity in regulatory issues with export/import markets (e.g., China).
Regulate heavy metal contamination on dehydrated garlic from China.
Register Folicur® for garlic rust control and in-furrow use for white rot.
Register Endura® for white rot control.
Register Shark® for weed control in garlic.
Continued funding/staffing for the state seed certification programs.
Refine spray drift mitigation regulations to prevent further damage to garlic
from drift.
Work with other specialty crop producers to develop tracking system to
monitor possible cancellations of pesticides critical to crop production.
Encourage continued cooperation between states on certification program
for garlic seed.
Continue funding/staffing for certification programs for garlic seed.
Reinforce white rot management through continuing grower education and
outreach activities and by reinstituting the industry White Rot Management
Plan.
Provide education on movement of soil and equipment, especially during
off years and contamination of new fields.
Communicate to the public how the garlic industry practices IPM
(integrated Pest Management) and employs a number of sustainable
agriculture practices to maintain a high quality product.
Participate with other specialty crop groups to organize field tours for state
and federal regulators and other policy and decision makers to see current
pest management problems.
Conduct resistance management training for all pesticides.
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Appendix 1: 2005 Statewide Garlic Production Statistics

Processing &
Fresh Market

Harvested
Acreage

Yield
(Tons/Ac.)

Production Total Value
(Tons)
($ Million)

CALIFORNIA 1
OTHER STATES
(WA, OR, NV, NY) 2

25,425

7.94

201,875

136.8

3,975

7.64

30,385

53.2

UNITED STATES 2

29,400

7.90

232,260

190.0

CA PERCENT OF TOTAL
86.5
n/a
86.9
72.0
1. Source: USDA/NASS, California Field Office – County Agricultural Commissioners’ Data, 2005.
2. Source: USDA/NASS Vegetables – 2005 Summary.

Notes: The CDFA Resource Directory – 2006 contains additional production statistics which may be seen at their
website (http://www.cdfa.ca.gov/publications.htm).
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Appendix 2: Cultural Practices and Pest Management Activities
Production Region: Western San Joaquin Valley
Cultural Practices
Bed Preparation
Planting
Irrigation
Fertilizer Applications
First Cultivation
Second Cultivation
Vegetative Development
Water Pull
Harvest

J

F

M

A

M

J

J

A

S

O

N

D

IPM Activities
Soil Sampling
Scouting/Monitoring
Release of Beneficials
Insecticide Applications
Fungicide Applications
Herbicide Applications
Hand Hoeing
Nematode Sampling

J

F

M

A

M

J

J

A

S

O

N

D
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Appendix 3: Seasonal Pest Occurrence
Production Region: Western San Joaquin Valley
Insects & Mites
Onion Thrips
Western Flower Thrips
Beet Armyworm
Bulb Mites

J

F

M

A

M

J

J

A

S

O

N

D

Nematodes
Stem and Bulb Nema.

J

F

M

A

M

J

J

A

S

O

N

D

Weeds
Cheeseweed
Chickweed
Henbit
Lambsquarters
Marestail
Pigweed
Purslane
Shepardspurse
Annual Ryegrass
Foxtails
Nightshades
Field bindweed
Sowthistle
Prickly lettuce
Volunteer cereals
Hairy fleabane

J

F

M

A

M

J

J

A

S

O

N

D

Diseases
White Rot
Purple Blotch
Stemphylium
Garlic Rust
Penicillium Decay
Basal Rot
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Non-Chemical Tools
Cover Crops
Habitat management
Natural enemies
Sanitation/ Weed management
Resistant varieties
Water management
Weed control
Trap Crops

Bulb Mites

AZADIRACHTIN

Ammo®
Mustang®
Warrior®
Pounce® /Ambush®
Lannate®
Malathion
Success®
Aza-Direct®/Azatin®
Ecozin®/Neemix®

Beet Armyworm

Chemical Tools
CYPERMETHRIN
Z-CYPERMETHRIN
LAMBDA-CYHALOTHRIN
PERMETHRIN
METHOMYL
MALATHION
SPINOSAD

TRADE NAME

W. Flower Thirps

PRODUCT/ TECHNIQUE

Onion Thrips

Appendix 4: Efficacy of Insect/Mite Management Tools

G
G
G
F
F
P
F

G
E
G
F
F
P
F

G
G
E
G
G
F
G

P
P
P
P
P
P
P

F

F

P

P

P
F
F
F
P
P
P
P

P
F
F
F
P
P
P
P

P
P
F
P
P
P
P
P

P
F
P
F
P
P
P
P

Rating System: E = Excellent, G = Good, F = Fair, P = Poor/None
Data based on collective field observations and experiments
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Annual Grasses

Perennial Grasses

Perennial Broadleaf Weeds

PRODUCT/TECHNIQUE

Annual
Broadleaf Weeds

Appendix 5: Efficacy of Weed Management Tools

P

G

G

P

Paraquat

®

G

F

P

F

Roundup

®

E

E

G

G

P

E

G

P

TRADE NAME

Chemical Tools
FLUAZIFOP-P-BUTYL
PARAQUAT DICHLORIDE
GLYPHOSATE
CLETHODIM

Fusilade®

Prism

®
®

DCPA

Dacthal

F

F

P

P

PEMDIMETHALIN

Prowl®

G

G

P

P

METAM SODIUM

Vapam®, others

E

E

P

P

F

G

P

P

BENSULIDE

Prefar

®
®

BROMOXYNIL

Buctril

G

P

P

P

OXYFLUOROFEN

Goal®

G

F

P

P

P

G

G

P

SETHOXYDIM

®

Poast

Unregistered Chemical Tools
CLOFENTRAZONE

Shark®

E

E

G

G

FLUMIOXAZIN

Chateau®

G

G

G

G

Cultivation

F

F

P

P

Soil/Water management

P

P

P

P

Cover crops

P

P

P

P

Hand weeding
Mowing

G

G

P

F

P

P

P

P

Burning

P

P

P

P

Crop Rotation

F

F

F

F

Non-chemical Tools

Rating System: E = Excellent, G = Good, F = Fair, P = Poor/None
Data based on collective field observations and experiments
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Purple Blotch

Stemphylium

Garlic Rust

Penicillium Decay

G

P

G

P

E

P

P

®

P

E

P

P

E

P

P

®

P

E

G

E

G

P

P

P

F

P

P

P

P

P

E

P

P

P

P

P

P

P

P

F

F

P

P

P

G

G

P

P

P

TRADE
NAME

Basal Rot

White Rot

PRODUCT/TECHNIQUE

Damping Off

Appendix 6: Efficacy of Disease Management Tools

Chemical Tools
AZOXYSTROBIN
TEBUCONAZOLE
PYRACLOSTROBIN
IPRODIONE
MEFENOXAM METALAXL
MANCOZEB
CHLOROTHALONIL
MANCOZEB + METALAXYL
BOSCALID
BOSCALID + PYRACLOSTROBIN
METAM SODIUM
THIOPHANATE-METHYL

Quadris®
Folicur
Cabrio
Rovral

®
®

Ridomil Gold
®

Protect / Manzate

®
®

Bravo Weather Stik
Ridomil Gold MZ
Endura

P

P

P

P

P

P

P

P

P

®

P

G

E

P

P

P

P

®

P

F

E

E

P

P

P

G

F

P

P

P

G

G

Pristine
Vapam

®

®
®

P

F

P

P

P

E

F

®

P

G

G

G

P

P

P

®

P

E

P

P

P

P

P

Irrigation management

E

P

E

E

E

P

P

Weed control

P

P

P

P

P

P

P

Resistant varieties

P

P

P

P

P

P

P

Cover crops

P

P

P

P

P

P

P

Fertilizer management

P

P

F

F

F

P

P

Sanitation

P

E

P

P

P

P

P

Crop rotation

E

G

P

P

P

P

G

Hot water seed treatment for nematodes

P

P

P

P

P

P

F

Inspection of seed crop

E

E

E

E

E

E

E

CYPRODINIL + FLUDIOXONIL
Natural Sclerotial Stimulants

Topsin 4.5
Switch
DADS

Non-chemical Tools

Rating System: E = Excellent, G = Good, F = Fair, P = Poor/None
Data based on collective field observations and experiments
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PRODUCT/TECHNIQUE

TRADE NAME

Stem and Bulb
Nematode

Appendix 7: Efficacy of Nematode Management Tools

Chemical
CHLOROPICRIN

Chloropicrin

1,3-DICHLOROPROPENE
OXAMYL

Telone

E

®

E

®

E

Vydate
Non-Chemical

F

Clean Cultivation
Soil Sampling

P

Resistant Rootstock

P

Trap Crops

P

Crop Rotation

E

Seed Inspection

E

Rating System: E = Excellent, G = Good, F = Fair, P = Poor/None

Data based on collective field observations and experiment
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Appendix 8: Primary Pesticides Used in California Garlic (2004 DPR)

Trade Name
FUNGICIDES
Cabrio®
Folicur®
Quadris®
Rovral®
Various
HERBICIDES
Buctril®
Dacthal®
Fusilade®
Goal®
Gromoxone®
Poast®
Prowl®
Roundup®
Select®
INSECTICIDES
Ammo®
Lannate®
Malathion
Mustang®
Pounce®, Ambush®
Warrior®

Total
lbs AI

Num.
apps

Acres
Treated

Avg. Rate
(lbs AI)

PYRACLOSTROBIN
TEBUCONAZOLE
AZOXYSTROBIN
IPRODIONE
SULFUR

204
1,213
2,353
1,743
107

10
52
102
15
8

1,355
5,764
12,782
872
25

0.15
0.21
0.18
2.00
4.40

BROMOXYNIL
CHLORTHAL-DIMETHYL
FLUAZIFOP-P-BUTYL
OXYFLUORFIN
PARAQUAT DICHLORIDE
SETHOXYDIM
PENDIMETHALIN
GLYPHOSATE
CLETHODIM

5,448
906
557
7,191
61
80
12,352
8,780
91

117
7
22
193
5
4
124
46
10

14,583
161
1,627
22,954
98
305
13,376
5,642
814

0.37
5.60
0.34
0.31
0.62
0.26
0.92
1.56
0.11

CYPERMETHRIN
METHOMYL
MALATHION
(Z) - CYPERMETHRIN
PERMETHRIN
LAMBDA CYHALOTHRIN

126
477
8,374
477
31
52

11
10
41
82
1
13

1,294
1,059
4,348
10,182
154
1,993

0.10
0.45
1.93
0.05
0.20
0.03

Chemical Name
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Appendix 9: California Garlic Industry – Contact Information
Linda Herbst
WIPM Center
One Shields Avenue
Davis, CA 95616
Phone: (530) 752-7010
Fax: (530) 754-8379
E-mail: llherbst@ucdavis.edu

Lori Berger
California Minor Crops Council
4500 S. Laspina St., Suite 214
Tulare, CA 93274
Phone: (559) 688-5700
Fax: (559) 688-5527
E-mail: lori@minorcrops.org
Dan Brotslaw
Sensient Dehydrated Flavors Co.
P.O. Box 279
Cressey, CA 95321
Phone: (209) 394-7979 or (209) 604-6907
Fax: (209) 394-3877
E-mail: dan.brotslaw@sensient-tech.com

Galen Hiett
Independent PCA
4924 North Van Ness
Fresno, CA 93704
Phone: (559) 288-2048
Fax: (559) 222-1080
E-mail: ghiett@aol.com

Robert Ehn
California Garlic & Onion Research Advisory
Board
1629 Pollasky, Suite 111
Clovis, CA 93612
Phone: (559) 297-9322
Fax: (559) 297-9341
E-mail: robertehn@sbcglobal.net

Tom Ikesaki
8871 Liscarney Way
Sacramento, CA 95828
Phone: (916) 761-2620
Fax: (209) 546-7701
E-mail: ISAMUIKESAKI@comcast.net
Kevin Lehar
Woolf Enterprises
P.O. Box 219
18036 Gale Avenue
Huron, CA 93234
Phone: (559) 945-9292 or (559) 992-0436
Fax: (559) 945-2992
E-mail: klehar@woolffarming.com

Nick Groenenberg
Independent PCA
362 Tamarack Court
Hanford, CA 93230
Phone: (559) 582-0905
Fax: (559) 585-1952
E-mail: n.groenenberg@comcast.net

Rick Melnicoe
Western Region Pest Management Center
University of California
One Shields Avenue
Davis, CA 95616
Phone: (530) 752-8378
Fax: (530) 754-8379
E-mail: rsmelnicoe@ucdavis.edu

Larry Hanson
ConAgra Foods
9301 East Lacey Blvd
Hanford, CA 93230
Phone: (559) 584-2711x614
Fax: (559) 583-0370
E-mail: larry.hanson@conagrafoods.com
Louis Hearn
Syngenta Crop Protection
P.O. Box 309
Ivanhoe, CA 93235
Phone: (559) 636-3185
Fax: (559) 636-3187
E-mail: louis.hearn@syngenta.com

Shannon Mueller
UC Cooperative Extension
1720 South Maple Avenue
Fresno, CA 93702
Phone: (559) 456-7261
Fax: (559) 456-7575
E-mail: scmueller@ucdavis.edu

Kurt Hembree
UCCE, Fresno County
1720 South Maple Avenue
Fresno, CA 93702
Phone: (559) 456-7556
Fax: (559) 456-7575
E-mail: KJhembree@ucdavis.edu

John L. Perry Jr.
Bayer Crop Science
P.O. Box 603
Kingsburg, CA 93631
Ph: (559) 897-3774
Fax: (559) 897-8974
E-mail: john.perry@bayercropscience.com
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Don Ross
Sensient Dehydrated Flavors Co.
P.O. Box 279
Cressey, CA 95321
Phone: (209) 394-7979 or (209) 604-6907
Fax: (209) 394-3877
E-mail: don.ross@sensient-tech.com
Bill Stone
Grower, Chairman – Garlic & Onion Board
P.O. Box 146
Stratford, CA 93266
Phone: (559) 945-2205 or (559) 287-4864
Fax: (559) 945-9442
E-mail: bill@jgslc.com
Ron Voss, (Emeritus)
UC Davis, Plant Sciences Dept
University of California
Davis, CA 95616
Phone: (530) 752-1249
Fax: (530) 787-4463
E-mail: revoss@ucdavis.edu
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Appendix 10 – Photographs

Garlic/Onion - Land Preparation

Garlic Planting

Garlic Planting

Garlic/Onion - Land Preparation

Garlic Plant Emergence

Garlic/Onion - Land Preparation
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Early Growth

Early Growth

Early Growth

Garlic Field Mid Season

Garlic - Harvest

Early Growth
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Garlic Harvest

Diseases of Garlic
Garlic – White Rot

Garlic - Harvest

White Rot

Garlic - Harvest

Schlerotia of White Rot
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Early Stress from White Rot

Garlic – Leaf Rust

Garlic - Purple Blotch

Field Stress from White Rot

Severe Botrytis

Garlic – Leaf Rust
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Botrytis in Growing Plant

Nightshade Before Garlic Harvest

Iris Yellow Spotted Virus

Field Bindweed Before Garlic Harvest

Horseweed Before Garlic Harvest

Weeds in Garlic
Volunteer Cereals in Garlic
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